to 4 months after infection) were passed through 0.22-m-pore-size filters, divided into aliquots, and stored at Ϫ70°C until used.
Tests for ecotropic virus were the XC plaque assay (45) , with titers expressed in PFU, and immunofluorescence of infected splenocytes and tissue culture cells with monoclonal antibody (MAb) 48 (12) . Tests for mink lung cell focus-forming (MCF) virus were the SC-1 UV-Mink assay (15) and immunofluorescence of infected splenocytes and tissue culture cells with MAb 514 (12) . Experimental 3-to 4-week-old BALB/cJ mice were inoculated intraperitoneally with 8,000 to 10,000 XC PFU of either the RL-MuLV mixture or the ecotropic virus component of RL-MuLV mixture and 8,000 to 10,000 UV-Mink PFU of MCF virus. N, B, or NB tropism of the RL-MuLV ecotropic component was determined by titrating the harvest of SC-1 RL-MuLV-infected cultures in BALB 3T3 (Fv1 bb ) and NIH 3T3 (Fv1 nn ) cells as previously described (34) . CFU assay. Single-cell suspensions of 10 5 cells prepared from 15 infected or 15 control mouse spleens were inoculated into BALB/cByJ male mice irradiated by 900 rad. Eight days after transfer, mice were sacrificed and splenic colonies were counted after fixation in Bouin's fixative. In some cases, cells taken from colonies in unfixed spleens were counted and equal cell numbers were subjected to a second transfer.
Fluorescence-activated cell sorting (FACS) analysis. Single-cell suspensions from 10 infected and 10 control mouse spleens were stained after lysing erythrocytes by osmotic shock and analyzed with a FACScan cytometer by using the Cell Quest program (Becton Dickinson). The following MAbs were used to stain cells: TER119 for erythroid cells (PharMingen, San Diego, Calif.), H57-597 for T-cell receptor (TCR) ␣/␤ T cells (PharMingen), GL3 for TCR ␥/␦ T cells (PharMingen), RA3-6B2 anti-CD45R for B cells (PharMingen), M1/70 antiCD11b/Mac-1 for macrophages and granulocytes (PharMingen), DX5 for NK cells (PharMingen), RB6-8C5 anti-Gr-1/Ly6G for granulocytes (PharMingen), F4/80 anti-pan macrophages (Caltag, Burlingame, Calif.), CD11b antimacrophages (PharMingen), CD11c anti-dendritic cells (PharMingen), H129.19 for CD4 ϩ T cells (GIBCO BRL, Gaithersburg, Md.), 53-6.7 for CD8␣ ϩ T cells (Sigma, St. Louis, Mo.), anti-CD3e (PharMingen), and anti-CD5 (PharMingen). Dead cells were excluded by propidium iodide staining (Sigma).
For analysis of hematopoietic stem cells (HSC), bone marrow cells were stained with fluorescein isothiocyanate (FITC)-conjugated anti-Sca-1 (clone D7; PharMingen) and anti-CD3, anti-CD-5, anti-B220, anti-CD4, anti-CD8, anti-TER119, anti-Gr-1, and anti-CD11b MAbs conjugated with phycoerythrin.
Cell lines. The following cell lines were used to propagate MuLVs and to classify them and determine their host ranges: Mus dunni mouse fibroblast (III8c), XC, BALB 3T3 (A31; Fv1 bb , susceptible to B-and NB-tropic viruses), NIH 3T3 (Fv1 nn , susceptible to N-and NB-tropic viruses), SC-1 (Fv1 00 , susceptible to N-, B-, and NB-tropic viruses), and mink lung cells. All cell lines were purchased from the American Type Culture Collection (ATCC; Manassas, Va.). NRK cells transfected with spleen focus-forming virus (SFFV) alone and SFFV plus Friend MuLV (F-MuLV) 57 (21) were a generous gift from Leonard Evans.
Cloning. RNA isolated from virions (14) pelleted from RL-MuLV-infected SC-1 cells was used to make a cDNA library with the SuperScript plasmid system for cDNA synthesis and plasmid cloning (GIBCO BRL). DNAs of clones that hybridized with ecotropic virus-specific (9) or xenotropic-polytropic-MCF virusspecific probes (7) were sequenced. A plasmid containing a full-length MuLV (pAKV) was kindly provided by W. Herr.
To clone the env gene of MuLV, produced by the endogenous ecotropic locus Emv1, splenocytes from multiparous BALB/cJ females that had been mated to B6 males and that had received multiple injections of B6 lymphocytes were cocultured with M. dunni cells. After the fifth passage, virions were pelleted from cell-free supernatants, and viral RNA was used to make a cDNA library as described above. Plasmid DNAs of clones that hybridized with the ecotropic virus env-specific probe (9) were sequenced. To clone the env gene of MuLV produced by the endogenous locus Bxv1, the same RNA was used to prepare cDNA by using SuperScript II reverse transcriptase in the buffer supplied by the manufacturer (GIBCO BRL) and a deoxythymine (15) primer (Promega Biotec, Inc., Madison, Wis.). The cDNAs were then amplified by PCR with forward primer 5ЈCCGAGTCGGTGACACAGTGTG3Ј (nucleotides [nt] 5589 to 55609 within the pol gene according to the Rauscher MuLV numbering) (28) and reverse primer 5ЈCATTCCCCCCTTTTTCTGGAAACT3Ј (nt 7845 to 7822 within the env gene according to the Rauscher MuLV numbering) (28) . The PCR products were size fractionated on 1% agarose gels, purified, and cloned into the SrfI site of pCRScript according to the manufacturer's protocol (Stratagene, Inc., La Jolla, Calif.). At least three independent plasmids were sequenced for each virus.
Immunofluorescence analysis. The following antibodies (Abs) were used to stain cell lines and cell suspensions from mouse spleens: MAb 48, specific for Rauscher and Friend ecotropic MuLVs (12, 13) (ATCC); MAb 514, specific for MCF MuLVs (12) (ATCC); MAb 603, specific for xenotropic MuLV (42); and goat anti-F-MuLV gp70 polyclonal serum (1) . FITC-labeled anti-mouse polyvalent immunoglobulins (Sigma) were used at the second step.
Western blot analysis. Proteins were collected from CsCl 2 gradients generated from spleens of control or infected mice and generated from NRK cells infected with SFFV alone or with SFFV plus F-MuLV. To dissolve insoluble proteins, 0.2% NP-40 was added to the protein fractions. Six samples from one gradient were dialyzed against 6 liters of phosphate-buffered saline (PBS)-0.1 M EDTA (pH 8.0)-0.2% NP-40 for 4 h at 4°C. After dialysis, samples were diluted with an equal volume of PBS and stored at Ϫ70°C. Phenylmethylsulfonyl fluoride (200 g/ml) was added prior to freezing. Proteins were electrophoresed on polyacrylamide gels under reducing conditions in the presence of 1% sodium dodecyl sulfate, transferred to nitrocellulose membranes, immunoblotted with goat anti-F-MuLV gp70 polyclonal serum (1) , and detected with Western blotting detection reagents (Amersham Pharmacia Biotech, Inc., Piscataway, N.J.).
Cocultivation assay. SC-1 cells were plated at 2 ϫ 10 5 per 60-mm-diameter dish the day before infection. On the day of infection, the medium was changed and 10 6 mitomycin C-treated single-cell suspensions from the spleens of infected mice were added, followed by immunofluorescence analysis on day 5 after infection.
Nucleotide sequence accession numbers. Nucleotide sequences of the env genes have been submitted to the GenBank nucleotide sequence database and have been assigned accession no. AF288940 for ecotropic RL-MuLV, AF288942 for MCF RL-MuLV, AF288939 for the env gene of MuLV produced by the endogenous ecotropic virus locus Emv1, and AF288941 for the env gene of MuLV produced by the endogenous locus Bxv1.
RESULTS
Characteristics of disease in normal BALB/cJ mice inoculated with plasma from affected mice. In a previous study, almost all BALB/c female mice mated repeatedly with B6 males for a year and then inoculated with fixed, activated B6 spleen cells developed splenomegaly (49) . Electron-microscopic studies of spleens from infected mice showed an abundance of C-type virions, suggesting that MuLVs might be involved in pathogenesis of the disease (49) . To determine whether MuLVs were indeed responsible for this effect, we studied BALB/cJ mice injected with a cell-free, in vivo-passaged vir6 isolate recovered from filtered plasma of affected mice. At 4 to 6 months after inoculation, spleen weights had increased to a mean of approximately 400 mg, compared to a mean of 120 mg in uninfected mice. Histologic studies of enlarged spleens revealed an expanded red pulp with enhanced extramedullary hematopoiesis, evidenced by increased numbers of erythroid and myeloid precursors and megakaryocytes (Fig. 1A) . Hematocrit in infected mice (41% Ϯ 5% [mean Ϯ standard deviation] for four mice) did not differ significantly from that in uninfected mice (49% Ϯ 5% for four mice). Cell suspensions from enlarged spleens of vir6-infected mice (3 to 5 months after infection) were stained with lineage-specific MAbs against erythroid cells, TCR ␣/␤ and TCR ␥/␦ T cells, B cells, macrophages, NK cells, and granulocytes and were analyzed by FACS. The proportion of each cell type was the same as those in the spleens of normal and infected mice, except for a slightly lower percentage of TCR ␣/␤ T cells in infected mice (Fig. 1A) , indicating that proliferation was not restricted to a specific cell type and that all cell types contributed to splenomegaly in infected mice.
Since all hematopoietic lineages were present in the enlarged spleens of infected mice, it is possible that these lineages resulted from the expansion of an HSC population. To determine if the numbers of HSC in enlarged spleens were also increased, 10 5 cells from the spleens of normal and infected mice were tested in a CFU assay of irradiated recipients. In three independent experiments, 10 5 cells isolated from the spleens of infected or normal BALB/cJ mice were intravenously injected into irradiated 3-to 4-week-old BALB/cByJ male mice. Eight days later, the mice were killed, spleens were fixed, colonies were counted, and spleen sections were stained. Transfer of normal spleen cells to irradiated recipients (n ϭ 5) resulted in an average of 5 Ϯ 1 colonies per spleen, while transfer of spleen cells from infected mice to the recipients (n ϭ 5) resulted in an average of 25 Ϯ 3 colonies per spleen. To ensure that these CFU were indeed produced by stem cells, we performed a secondary transfer. In this transfer, uninfected cells (10 5 ) from primary colonies did not produce any colonies in recipient mice (n ϭ 4), as expected, while the same number of cells from infected primary colonies produced 4 Ϯ 1 colonies/spleen upon transfer into recipient mice (n ϭ 4). The colonies formed from transfers of infected splenocytes also comprised a mixture of hematopoietic cell types (not shown). These data suggest that virus infection leads to expansion of HSC as measured by in vivo CFU assay.
In the mouse, HSC are lineage marker negative (Lin Ϫ ) and Sca-1 ϩ (37, 38). As these cells differentiate, they acquire lineage-specific markers and gradually lose stem cell markers. To determine whether splenomegaly in vir6-infected BALB/cJ mice might be due to the proliferation of the HSC, splenocytes of vir6-infected and uninfected BALB/cJ mice were stained with antibodies against lineage-specific markers and against Sca-1. Spleens of uninfected BALB/cJ mice contained an average of 6.9% Sca-1 ϩ cells, whereas spleens of vir6-infected BALB/cJ mice contained an average of 33% Sca-1 ϩ cells (Fig.  1B) . For all lineages, spleens of infected mice contained approximately three to five times more cells expressing the Sca-1 ϩ marker than spleens of uninfected mice (Fig. 1B) . We then used the same antibody-staining protocol to compare HSC populations in the bone marrow of infected and uninfected BALB/cJ mice. In uninfected BALB/cJ mice, the Sca-1 fraction that did not express lineage-specific markers made up approximately 0.02% Ϯ 0.005% (n ϭ 5) of the bone marrow cell population. In contrast, the same cell fraction comprised 0.26% Ϯ 0.02% (n ϭ 5) of the bone marrow cell population of vir6-infected age-and sex-matched BALB/cJ mice. Thus, in both the spleens and bone marrow, the proportion of HSC in vir6-infected mice was 5-to 10-fold greater than that in uninfected mice.
Characteristics of MuLVs in the pathogenic inoculum. To molecularly clone the disease-inducing viruses, virions from vir6-infected SC-1 cells were pelleted and viral RNA was used to produce a cDNA library; clones that hybridized with MuLVspecific probes were sequenced. Sequence analysis demonstrated a mixture of two viruses: a replication-competent ecotropic MuLV and an MCF virus. Defective virus genomes were not encountered. To determine the similarities between these MuLVs and other known MuLVs, we compared their Env amino acid sequences. Amino acid alignments of the env gene products indicated that both components were highly similar, but not identical, to the corresponding components of the Rauscher MuLV complex (Fig. 2) . Therefore, the virus mixture in the vir6 isolate is referred to as RL-MuLV.
To verify the similarity between the components of the RLMuLV and those in the Rauscher virus complex, splenocytes from infected BALB/cJ mice were stained with MAb 48, which binds to gp70Env of the ecotropic virus component of the Friend and Rauscher MuLV complexes, and analyzed by FACS. Splenocytes from infected animals were stained by MAb 48, suggesting a close similarity between surface glycoproteins produced by these viruses (data not shown). In addition, infected splenocytes were positive for staining with MAb 514, which binds to Env of most MCF MuLVs (data not shown).
Ecotropic MuLVs are classified according to their host range as either N-tropic, B-tropic, or NB-tropic depending upon whether they grow preferentially on cells from NIH Swiss mice, cells from BALB/c mice, or on both cell types, respectively (26) . This phenotype is determined by alleles of the (41) . The two regions with the most marked differences between xenotropic and polytropic amino acid sequences are boxed (hypervariable regions); another boxed region is the proline-rich region (40) . ‫,ء‬ different amino acids; -, deleted amino acids. SP, signal peptide; SU, surface protein; TM, transmembrane protein.
whether the ecotropic component of the RL-MuLV mixture is N-, B-, or NB-tropic, we subjected supernatants from RLMuLV-infected SC-1 cells to a quantitative assay at a low multiplicity of infection of Fv1 nn and Fv1 bb cells (34) . The ecotropic virus component of the RL-MuLV mixture was equally infectious on either cell type (Fig. 3) , indicating that the ecotropic virus component of the RL-MuLV mixture is NB-tropic.
Both the Rauscher and Friend viral complexes contain replication-defective SFFVs, which encode an abnormal gp55 envelope glycoprotein that binds to the erythropoietin receptor (31) . To determine whether the RL-MuLV mixture contains an SFFV, protein extracts from the spleens of infected and uninfected BALB/cJ mice were analyzed by immunoblotting with goat anti-F-MuLV gp70 polyclonal Abs (Fig. 4) . Even though the Abs were capable of detecting the gp55 of SFFV, no gp55 protein was present in the extracts from spleens of RL MuLV-infected mice (Fig. 4) . To confirm these results, Hirt DNA from SC-1 cells infected with the mixed-virus stocks was examined by Southern blot hybridization using probes reactive with env sequences specific for ecotropic (9) and MCF xenotropic-polytropic MuLVs (7) as well as a full-length MuLV. The Hirt DNA exhibited only 8.8-kb hybridizing species, consistent with full-length MuLV genomes (data not shown). Thus, these experiment confirmed the absence of SFFV in the RL-MuLV mixture.
To determine whether the MCF and ecotropic viruses of the RL-MuLV mixture must both be present to induce disease, we produced SC-1 cells infected with the ecotropic virus component alone and mink lung cells infected with MCF virus component alone. Virus pools were first passaged at limiting dilutions either in mink lung cells to eliminate ecotropic virus or in XC cells to eliminate MCF virus. After six passages, cell harvests were used to infect SC-1 cells, which were subsequently passaged five additional times. To confirm that the cells were infected with MCF or ecotropic virus and were free of other components, they were stained with MAbs 514 and 48 (Fig.   5A ). While SC-1 cells infected with the RL-MuLV mixture were positive for both MAbs, SC-1 cells infected with MCF virus were stained only with MAb 514 (Fig. 5A) . Similarly, SC-1 cells infected with ecotropic virus were stained only with MAb 48 (Fig. 5A) .
Harvests of cells infected with MCF virus, ecotropic virus, or vir6 were then tested for their ability to induce disease in adult BALB/cJ mice. Patterns of virus recovery based on Northern blot analysis of splenic RNA hybridized with ecotropic virus- . The XC plaque assay was used for quantitation, and extra plates of BALB 3T3 and NIH 3T3 cells were infected at the titration end point (10 Ϫ3 ) to reserve for harvesting. Titers of the virus on both NIH 3T3 and BALB 3T3 cells were approximately equal. To increase the virus titers, the plates reserved at titration end points were passaged once and their supernatants were collected. These supernatants were titrated again on NIH 3T3 and BALB 3T3 cells, and extra plates of BALB 3T3 and NIH 3T3 cells infected at the titration end point (10 Ϫ3 ) were reserved for harvesting (titration 2). Cells at titration end points were passaged once, and their supernatants were collected and used for titration in NIH 3T3 and BALB 3T3 cells again, with extra plates at the titration end point (10 Ϫ3 ) saved for harvesting (titration 3). Titers are expressed as PFU per 0. (Fig. 5B) . However, the MCF virus inoculum did not infect the mice to same extent as ecotropic virus (Fig. 5B) . This is not surprising because MCF and MCF virus components were tested for the ability to cause disease in BALB/cJ mice. Harvest of SC-1 vir6-infected cells was used as a control. Four-week-old mice were injected with harvests from vir6-infected, MCF virus-infected, or ecotropic virus-infected SC-1 cells. Three months after infection, mice were sacrificed, spleen weights were recorded, and RNA isolated from a portion of the spleen was subjected to Northern blot analysis with ecotropic virus-and MCF virus-specific probes. ϩϩϩ, ϩ, and Ϫ, relative levels of viral RNA detected in spleens by Northern blot analysis. A single-cell suspension isolated from another portion of the spleen was stained with anti-Sca-1 MAb and analyzed by FACS. Splenic cells were also cocultured with SC-1 cells. On day 5, infected SC-1 cells were stained with MAbs 514 and 48. ϩ and Ϫ, positive and negative staining with MAbs. Numbers in parentheses, numbers of mice used. For the infection studies, 8,000 XC PFU of vir6 and ecotropic virus and 8,000 UV-mink PFU of MCF virus were used.
viruses can only rarely replicate well in the absence of ecotropic virus (6) . These results indicate that, although splenomegaly is induced by the ecotropic virus component of the virus mixture alone, a synergy between MCF virus and ecotropic virus is required to cause full-scale disease.
Roles for multiple pregnancies and allostimulation in endogenous MuLV expression. Some endogenous proviruses become expressed at high levels spontaneously or following exogenous stimuli. When this occurs, endogenous viruses may generate virions and thus may be progenitors of exogenous viruses. In the experiments of Ter-Grigorov et al. (49) , two conditions may have contributed to the production of the pathogenic virus: multiple pregnancies and allostimulation. To determine the importance of multiple pregnancies in the induction of virus expression, we compared levels of endogenous ecotropic and xenotropic-polytropic virus expression in spleens from virgin and multiparous females and retired breeder males (Fig. 6) . Xenotropic-polytropic viruses were constitutively expressed at low levels in all animals regardless of age and gender (Fig. 6B) . However, high levels of ecotropic virus expression were seen in multiparous females but not in age-matched virgin BALB/cJ females or retired breeder males (Fig. 6A) . SC-1 cells cocultured with spleen cells from BALB/cJ retired breeder females were positive for ecotropic MuLV based on Northern blot analysis with the ecotropic virus-specific probe (10 of 10 mice tested; not shown) but only infrequently positive for MuLV reactive with the xenotropic-polytropic probe (2 of 15 mice tested; not shown). Therefore, these results suggest that multiple pregnancies up-regulate expression of the endogenous ecotropic provirus in BALB/cJ mice.
To investigate the importance of allostimulation in endogenous MuLV expression, multiparous BALB/cJ females that had been mated to B6 males were injected with either B6 lymphocytes (Fig. 7 , mice of groups A to C) or with PBS (Fig.  7 , mice of group D) as previously described (49) . Six months later, spleen cells were tested for ecotropic and xenotropic and polytropic MuLVs by coculturing with SC-1 and mink lung cells (BALB 3T3 and NIH 3T3 cells were used in subsequent steps). Both ecotropic and xenotropic-polytropic viral RNAs were present in cells cocultured with splenocytes of alloimmunized, multiparous BALB/cJ females (Fig. 7) . The xenotropism of viruses harvested from mink lung cells was confirmed by positive staining with MAb 603, which binds to Env of xenotropic viruses, and the absence of staining with MAb 514, which binds to Env of MCF viruses (not shown).
To determine whether ecotropic virus was copackaged with xenotropic virus in allostimulated multiparous BALB/cJ females, mink lung cells cocultured with splenocytes from group C mice were passaged six times and their supernatants were used to infect NIH 3T3 and BALB 3T3 cells (Fig. 7) . Harvests from infected mink lung cells (virus C) contained ecotropic viruses able to infect BALB 3T3 and NIH 3T3 cells (Fig. 7) . Since mink lung cells are not permissive for ecotropic virus, ecotropic virus recovered from these cells must have been copackaged with xenotropic virus.
To determine the origin of the induced ecotropic MuLV, its env gene was cloned as described in Materials and Methods and its nucleotide and deduced amino acid sequences were compared with the corresponding published sequences of the env gene and its product for the endogenous ecotropic Emv1 provirus of BALB/c mice (27) . The deduced amino acid sequence of the product of the ecotropic virus env gene induced by multiple pregnancies and alloimmune stimuli has 99% identity with the env gene product of the endogenous Emv1 provirus (not shown).
To determine the origin of the induced xenotropic virus, its env gene was cloned and its nucleotide and deduced amino acid sequences were compared with the corresponding published sequences of the env gene and its product for the endogenous xenotropic Bxv1 virus present in the genomes of BALB/c mice (33) . The deduced amino acid sequence of the product of this virus env gene has 99% identity with the corresponding sequence of the env gene product of the endogenous xenotropic Bxv1 virus (not shown).
Thus, the combination of multiple pregnancies and allostimulation appears to create conditions that lead to enhanced induction of both ecotropic and xenotropic viruses that can form pseudotypes. 
DISCUSSION
The data presented here identify a novel retrovirus mixture that induces splenomegaly via enhanced extramedullary hematopoiesis accompanied by proliferation of Sca-1 ϩ Lin Ϫ HSC precursors. The mixture contains previously undescribed MCF and ecotropic virus components that have many similarities to the members of these virus classes in the Rauscher MuLV complex. Unlike the Rauscher complex, however, the novel RL-MuLV mixture does not contain a replication-defective SFFV (Fig. 4) and there was no evidence of another subgenomic component.
A number of highly pathogenic murine retroviruses have been isolated over the last 60 years by the passage of leukemia and sarcoma cells or cell-free supernatants in mice. Examples include Duplan-Laterjet (LP-BM5 or MAIDS virus) (30); Friend (22) , Rauscher (43) , Moloney MuLVs (35); and Moloney murine sarcoma virus (36) . All of these mouse-passaged virus mixtures were found to be mixtures of ecotropic and polytropic viruses, and all except Moloney MuLV contain a replication-defective component (44) . These viruses cause a wide range of diseases in mice, including T-and B-cell lymphomas; lymphoid, myeloid, and erythroid leukemias; rhabdomyosarcoma; neurological disorders; and immunosuppression (44) . At least two Friend SFFV-MuLV complexes, distinguishable on the basis of their biological and molecular properties, have been identified; these isolates induce either anemia or polycythemia in susceptible mice (48) .
The disease induced by the RL-MuLV mixture differs in many respects from the diseases produced by previously isolated viruses. Infection of susceptible mice, such as BALB/c, with a previously isolated Rauscher or anemia strain of Friend MuLV complexes results in a rapid persistent viremia, proliferation of erythroid progenitor cells, anemia, and splenomegaly (48) . Infected mice die 4 to 6 weeks after infection, usually due to rupture of the grossly enlarged spleen. In marked contrast, infection with the RL-MuLV mixture results in proliferation of HSC progenitors in both bone marrow and spleen. Proliferation and differentiation of HSC are indicated by enhanced extramedullary hematopoiesis, evidenced by increased numbers of erythroid and myeloid precursors and megakaryocytes in spleens of infected mice ( Fig. 1 and 2) . The disease has some similarities with preleukemic hematopoietic hyperplasia induced by ecotropic Moloney MuLV (M-MuLV) and some strains of ecotropic F-MuLV. This hyperplasia is characterized by splenomegaly and increased numbers of hematopoietic progenitors of erythroid, myeloid, and lymphoid origin (4, 18, 46) . However, the generalized hematopoietic hyperplasia is normally followed by the development of erythroid leukemia in the F-MuLV system or T-cell leukemia in the M-MuLV system (32, 51) , while infection with the RL-MuLV mixture does not result in erythroleukemia or T-cell leukemia in susceptible mice observed over a 4-month period (injected either as newborns or as adults).
The disease induced by RL-MuLV mixture is also clearly different from that produced by the MAIDS virus. Like the Friend and Rauscher complex viruses, the MAIDS virus is a mixture that includes nonpathogenic, replication-competent, B-tropic ecotropic, and MCF MuLVs (23, 24) and a diseaseinducing defective genome (2, 10). The defective virus encodes only a mutant gag gene. MAIDS features massive lymphoproliferation with spleen weights sometimes over 1 g and severe immune defects detectable with unseparated or separated lymphoid subsets (39) .
The ecotropic virus component of RL-MuLV alone was capable of causing the disease with splenomegaly and HSC proliferation (Fig. 5) . However, the RL-MuLV mixture containing both the ecotropic and MCF virus components induced more-profound splenomegaly (0.18 versus 0.4 g). It is possible that the MCF virus helps the ecotropic virus component to FIG. 7 . Allostimulation results in copackaging of ecotropic and xenotropic MuLV RNAs. Multiparous BALB/cJ females that had been mated to B6 males were injected with either B6 lymphocytes (mice of groups A to C, where each group consists of five mice) or with PBS (mice of group D, five mice per group). Six months later, mice were sacrificed and their spleens were divided into three parts; one part was used to isolate RNA, which was subjected to Northern blot analysis, and cells isolated from the two residual parts were cocultured with SC-1 and mink lung cells. RNA was isolated from these SC-1 and mink lung cells and was subjected to Northern blot analysis. Harvests (100 l) from infected mink lung cells (virus C) after a sixth passage were used to infect BALB 3T3 and NIH 3T3 cells. RNA isolated from these infected cells after a third passage was also subjected to Northern blot analysis with the indicated probes.
bind to receptors or to spread more efficiently. However, a direct pathogenic role for an MCF virus component might be obscured in testing MCF virus alone, as most lymphomagenic MCF MuLVs, although replication competent, require ecotropic MuLV to replicate efficiently and elicit disease (6) .
There are few obvious differences in the env coding region between ecotropic Rauscher-MuLV and RL-MuLV that might explain the distinct phenotypes produced by these two related viruses ( Fig. 2A) . It is possible, however, that differences may lie in other segments of the genome. Alternatively, Env expressed on the surface of RL-MuLV-infected cells might interact with an unknown ligand(s) resulting in activation of downstream signaling events that lead to cell proliferation. In this respect, two nonconservative amino acid changes, H to Y at amino acid (aa) 666 and Y to C at aa 673, within the transmembrane domain are of special interest ( Fig. 2A) .
Events that are required for the generation of novel viruses include the inheritance of parental endogenous proviruses and their expression, copackaging, recombination, and infection of the ultimate targets (16, 17) . The origins of the disease-inducing defective component of MAIDS virus as well as MCF virus genomes from endogenous viruses have been well documented (5, 7, 8, 20, 29, 47) . What is the possible origin of the RLMuLV mixture? The sequences of the ecotropic and MCF viruses in the MAIDS mixture (10, 11) differ from those described here, indicating clearly separate origins. We showed that multiple pregnancies and allostimuli result in up-regulation of expression of endogenous ecotropic Emv1 provirus (Fig. 6 ) and in its copackaging with endogenous xenotropic Bxv1 virus in BALB/cJ mice (Fig. 7) . Since both events are prerequisites for retrovirus recombination, we hypothesize that the new retrovirus mixture may arise from endogenous MuLVs of BALB/cJ mice.
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